Cu-xTiC (x=0, 1, 5, 10 and 15 wt.%) composites were prepared by hot pressing (HP) technique. The microstructure, corrosion and wear features of Cu matrix composites (CMCs) were investigated. The wear surfaces and microstructure of the CMCs were analyzed using SEM-EDS. Phases of samples were identified by means of XRD. Hardness measurements of the composites were made using a microhardness device. Hardness tests showed that the hardness tends to increase with increasing TiC amount. Wear properties of the CMCs were determined using ball-on-disc method. Significant decreases in wear rates were observed in composites reinforced with TiC. The corrosion properties of the composites were characterized by potentiostatic polarization test. Corrosion results showed that the corrosion resistance of the composites decreased with the increase of TiC content in Cu. Among the composites, Cu-1% TiC has the best corrosion resistance.
Introduction
Nowadays, copper matrix composites (CMCs) have been produced by addition of oxides, carbide and boride particles to copper matrix due to the copper's excellent thermal and electrical conductivity, superb corrosion and oxidation resistance exhibits poor wear resistance [1, 2] . CMCs have desirable mechanical properties and electrical conductivity properties at a reasonable level compared to pure copper. These composites are candidate materials especially in areas where good wear resistance is required [3, 4] .
The quality of the bonding on the matrix and reinforcement interface is important in terms of wear properties of the composite in Cu matrix particulate reinforced composites. If the bond between the reinforcement and the matrix is weak, the wear rate increases. In this case, reinforcements cause three-body abrasion during wear [5] .
When literature has been searched, generally Al2O3, SiC, TiB2 and WC particles have been used as reinforcement particles in CMSs. Zhu et al [6] investigated wear characteristics of Cu/SiCp produced by pressurized infiltration method. In the study a very high percentage of (61 vol.%) SiC was added to copper. Result showed that as the wear load and sliding distance increases, the wear losses increase. At the same time, when the grain size of reinforcements increased, the wear rates increased. Fathy et al [7] investigated wear behavior of CMCs reinforced 2.5, 7.5 and 12.5 wt. % Al2O3. It has been reported that with increasing of Al2O3 ratio, the wear rate increased, and the electrical conductivity decreased.
In this study, wear and corrosion properties of CMCs reinforced with 0-15 wt.% TiC were investigated. TiC was selected as reinforced particles because it have high hardness (~30.3 GPa), high elasticity modulus, low density, high electrical conductivity (30x10 6 /Ωcm) and stable properties at high temperature [8] [9] [10] [11] . Besides, it is resistant to wear because TiC have a high melting temperature and low thermal expansion coefficient [12] .
Materials and Methods
Cu and TiC powders having a purity of 99.9 % were used as raw materials. The particle size of Cu was 20 µm, while TiC was 10 µm. 1, 5, 10 and 15 were selected as (wt.%). The CMCs were prepared in the hot-pressing machine in an argon gas atmosphere. The production parameters were 700 °C sintering temperature, 4 min sintering time and 50 MPa pressure. The densities were determined according to Archimedes' principle [13] . Wear tests were carried out with a CSM brand wear device according to ASTM G133 standard. The tests were performed with 10 N load, 5 cm/s wear speed and 300 m wear distance. Wear properties were evaluated sliding a WC steel 3 mm diameter ball against the specimens. Surface of wear were examined by using scanning electron microscope.
Hardness's were measured using a Shimadzu HVM-2.
For corrosion experiments, the specimens were sanded and cleaned in the ultrasonic bath. Measurements were made using Reference 3000 Potentiostat/Galvanostat/ZRA corrosion system. The experiments were performed after the specimens were allowed to stand at room temperature in a 3.5 wt. % NaCl (pH 3) for 1 hour. In order to detect corrosion rates, anodic/cathodic Tafel zones were used. Polarization resistance values were calculated from the linear regions.
Results and Discussion
The optical photographs of the CMSs are given in Figure  1 . Pores are present at least in the unadulterated Cu sample ( Figure 1a ). The amount of pores in the Cu sample is less than that in the reinforced TiC sample (Figure 1b) . From the SEM-MAP analysis in Figure 2 , it is clear that the TiC grains are relatively homogeneously distributed in the Cu matrix. The homogeneous distribution of the grains in the matrix affects the mechanical and physical properties positively. XRD graph of the CMCs is given in Figure 3 . It is clear that two phases, Cu and TiC, are present in the structure. The phases in the CMCs could be identified as TiC with diffraction peaks at about 2θ=35.9°, 41.7° and 60.6° and Cu with diffraction peak at about 2θ = 43.3°, 50.2° and 74.0°. There was no phase formation between Cu and TiC. This can be explained by the insufficient energy supply. The hardness and relative density of the CMCs are summarized in Table 1 . As the TiC addition amount increased, the hardness increased, while the relative densities decreased. Since sintering of carbides with very high melting temperatures is very difficult, they are negatively affecting the sinter ability of the composites when they are reinforcements. This negative effect leads to an increase in pore content and hence a decrease in the relative density [14] . TiC brings about dispersion strengthening, which causes an increase in the hardness of the CMCs. Figure 5 presents the wear surface of the Cu matrix. On the wear surface, it is evident that deep grooves, which composed of shear dimples, which indicate that they are the places where the wear debris form. The EDS analysis shows that the oxide is formed on the surface after the wear tests ( Figure 5 ). This oxide film has a lubricating action to reduce the friction coefficient [15] . Besides, the W element found in the EDS analysis came from the counter object (WC ball). SEM-EDS analysis of wear surface of Cu-xTiC (x=5 wt.% and 15 wt.%) composites are given in Figure 6 . On the worn surface of Cu-TiC composites relatively smaller hollows and wear particles are observed. Hollows and wear particles on the worn surface of 15 % TiCreinforced copper matrix composite is the smallest (Figure 6b ). This is because of the effect of increasing the strength of carbides and the lubricant effect of oxide film. It is observed that abrasive effects on this sample surface are fairly few and oxidations are available in places. Similar to the unreinforced sample, W element was also detected on the worn surfaces of the Cu-TiC samples. Figure 6 . SEM-EDS analysis of the wear surface of composites: (a) Cu-5 % TiC and (b) Cu-15 % TiC.
Comp
The potentiodynamic polarization curves of CMCs determined in 3.5% NaCl solution are shown in Figure 7 . All curves exhibit active passive behavior. The results of the corrosion measurements are summarized in Table 2 . Among the samples, the largest corrosion potential has unreinforced copper sample (-210 mV). The lowest corrosion potential among the other samples was measured as -242 mV for Cu-15% TiC. Among the measured corrosion current values, the smallest value belongs to Cu sample (6,0 µAcm -2 ). In corrosion science, the general approach to corrosion is that low corrosion current and high corrosion potential means low corrosion rate or high corrosion resistance [16, 17] . According to this approach, it is the Cu sample which is the most resistant to corrosion between the samples and the Cu-1% TiC composite among the composites. Corrosion rate and corrosion resistance values in Table 2 also support this approach. As the amount of TiC increased, the resistance of the composite to corrosion decreased. The presence of the TiC particle in the Cu matrix caused a second passivation peak to occur. In addition, with the increase in the amount of TiC, the amount of porosity increases. Pores reduce corrosion resistance. Porous areas play a role in facilitating corrosion. The corrosion area expands by increasing the pore quantity [18] [19] [20] . 3. Wear testing of the samples was performed using ball-on-disk method. With addition of TiC, wear rates and coefficient of friction decreased. So samples have become more resistant to abrasion.
4. The presence of TiC particles in the Cu matrix caused the corrosion resistance to decrease. The best corrosion resistance among the composites was determined in the Cu-1 wt.% TiC composite.
